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@ On Earth, blood tends to pool in the lower body. 


(2) Promptly upon entering weightlessness, fluids shift 
toward the head. 


3] After a time, the body adapts to weightlessness. 
The kidneys reduce the volume of fluid, relieving 
pressure in the head and chest. 


The body reacts immediately upon reentering Earth's 
gravity; fluids are shifted from the head toward the feet. 
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Increased risk of orthostatic intolerance 
e Seated upright—parallel to G direction 
¢ G load lower but lasted longer 
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% missions 25% 54% 
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% missions 13% 39% 
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Average mission duration 6 5.5 
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NASA Life Sciences Data Archive (http:/ /Isda.jsc.nasa.gov) 
Investigators Names: John B. Charles, Michael Bungo, Jay Buckey 
Mission (Payload): Shuttle Program 

File Name/Inventory ID: meanreentry.jpg 
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Fig. 34-7. An astronaut's heart rate (—[}-—), measured via continuous electrocardiographic recording, and accelera- 

tion (Gz; ==) are shown for a typical Shuttle re-entry period. A significant tachycardia is observed. Vasovagal 

episodes occurred just before, and more prominently, just after landing (time 0 = landing). Re-entry is characterized 

by hypovolemia, depressed baroreflexes, vestibular disturbances, and a significant heat load associated with both 

the launch-and-entry suits and a warm (35°C-36°C) cabin temperature. Reproduced with permission from Buckey JC -50 40 -30 -20 10 0 40 20 30 


Jr, Lane LD, Levine BD, et al, Orthostatic intolerance after space flight. | Appl! Physiol. 1996;81:16. 
Time in minutes (0=landing) 


" Compiled from data in the Life Sciences Data Archive. Some of these data published in: 
ey JC, et. al., 1996. af a a Ph slo Vol 81 (1); 

Charles JB, et. al., 1999. 

Bungo, MW. NASA TM 58240 and 1M $8252. 


? Life Sciences Data Archive does not independently verify results. 
* Each data point represents an average over a mininum of one minute. 
* Post-landing heart rates include the middeck stand test if performed. 
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Cardiovascular Deconditioning During 
Space Flight and the Use of Saline as a 
Countermeasure to Orthostatic Intolerance 


MICHAEL W. BUNGO, M.D., JOHN B. CHARLES, Ph.D., and 
PHILIP C. JOHNSON, JR., M.D, 


Medical Research Branch, NASA-Johnson Space Center, 
Houston, Texas 77058 


BUNGO MW, CHARLES JB, JOHNSON PC, Cardiovascular 
deconditioning during space flight and the use of saline as a 
countermeasure to orthostatic intolerance, Aviat. Space Environ, Med. 
1985; 56:985-90. 


the heart rate response to orthostatic stress 29% and 
reversed the fall in mean blood pressure. A Cardiovasculor Index 
of Deconditioning (defined as CID = AHR — ASBP + ADBP) 
‘equalled 21 in those who utilized the countermeasure, a significant 
improvement toward baseline (p <0.003) when compared to the 
The encouraging results of these 
ie of the countermeasure a 

crewmen! 


Bey IN THE MANNED space flight program 
it was noted that the cardiovascular system 
undergoes several adaptive changes when subjected 
to the microgravity environment. Experimentation 
during NASA’s Skylab missions demonstrated that fluid 
was shifted from the lower extremities to the more 
central and cephalad portions of the circulation. The 


This manuscript was received for review in March 1984. The revised 
manuscript was accepted for publication in April 1985. 
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Johnson Space Center, Houston, TX 77058 

Dr. Charles was supported by a National Research Council 
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results of this redistribution and of other alterations 
in the controlling mechanisms of the circulation which 
were not well defined were termed “cardiovascular 
deconditioning.” The term deconditioning was felt to be 
appropriate because those individuals who were tested 
during or immediately after space flight demonstrated 
less orthostatic tolerance when provoked with lower 
body negative pressure (LBNP), higher submaximal 
oxygen consumptions at equivalent workloads, and 
higher resting heart rates when compared to their 
responses preflight (12), Numerous ground-based 
studies were performed using water immersion, bedrest, 
and headdown bed rest in an attempt to duplicate 
the cardiovascular adaptations observed in microgravity 
(3,14). Fluid volume shifts had been quantified, and 
the time course of events had been characterized (1). 
Several methods of reversing the deleterious effects of 
deconditioning were also suggested, such as the use of 
anti-G suits (including elastic leotards), liquid cooling 
garments, lower body negative pressure, electrical 
Stimulation of the muscles, and various pharmacologic 
agents, mineralocorticoids being the most prominent 
among them (2). 

With the advent of the Space Shuttle, it was known 
that astronauts would receive the effects of reentry 
deceleration in the + Gz axis (head-to-toe), compared to 
earlier space flights in which these forces were directed 
+Gx (chest-to-back). The combination of this more 
stressful acceleration loading with the deconditioned 
State of the human cardiovascular system following 
space flights increased efforts directed at developing 
Suitable countermeasures. Most were rejected for actual 
use in the Space Shuttle due to either complex hardware 
requirements or Objections by flight crews. Even the 
anti-G suit, considered by many as the only acceptable 
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Viodeled HR Response to LBNP 
during Space Shuttle Missions 


LBNP level (mmHg) 


Viodeled HR Response to 
50 mmHg LBNP across 
Flight Days 
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Viodeled HR During Ramp Test 
Before and After Soak 
sountermeasure 
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Countermeasure subjects performed LBNP soak 
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Stand test results were Compared to cohort of 
Subjects from STS flights of similar duration 
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No between-group differences in HR and BP responses 
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“fit LBNP plus fluid loading proved too 
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+ Unacceptable constraint for 4 hr during busy — 

pre-le ale li aye yy ees) os) 

s Abbreviated 2-hr treatm ent previously shown to _ 

be ineffective 
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Grew; 4 hours x 7 astronauts within 16-hour 

auly Gay 

Multiple LBNPDs? 

= Triage, prioritize pilots? 

= Incidence of presyncope is ~20% following 
Sshort-duration missions 

= “Treatment is worse than the disease” 
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CSU-17B/P ANTI-G-SUIT COMBAT EDGE 


Mock Mission to Mars 


The Russian project “Mars-500” houses a crew of 
six for a 520-day isolation experiment simulating 
an expedition to the Red Planet. The facility 
includes mockups of several spacecraft modules 
as well as the Martian surface. The “living room” 
in the Habitation Module is shown at right. 


Martian Surface Simulator Utility 

Chamber simulating the Martian Module 

surface that can be entered by the Gym, green- logical & 
crew in space suits; accessed from house, storage, quarters: 
the Mars Lander Module lavatory 


Le a 
Ne | 


= [ = 


A / Orion MPCV 
] (NASA/Lockheed-Martin) 


Living quarters fo 
room, main consé 


Crew Dragon (SpaceX) 


Mars Lander Module P 
Has accomodations for 3 crew members for 2 to Starliner CST-100 (Boeing) 


to the Martian Surface simulator and to the Halil _eeeneeene 


SOURCE: IMBP 


THE YEAR AHEAD 
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httops://arstechnica.com/science/2017/03/for-the-first-time-nasa-has-begun-detailin 


Phase 1 Plan 
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SLS Block 1 SLS Block 1B Cargo SLS Block 18 SLS Block 18 SLS Block 1B SLS Block 1B 
Crew: 0 Crew: 4 Crew: 4 Crew: 4 Crew: 4 


CMP Capability: 3-9T | CMP Capability: 10mT | CMP Capability: 10mT | CPL Capability: 10mT 


= : 
Habitation Logistics Airlock 
ee ' Known Parameters: 
tf er . 
hence + Gateway to architecture 
approval) oer supports Phase 2 and 
Power/Prop beyond activities 
Bus u International and U.S. 
“F a =F se j 


NRHO, T commercial development 
Distant Retrograde : . Multi-TL Lunar Near Rectilinear Halo ili wT ability to 
Orbit (DRO) Jupiter Direct Free Return Orbit (NRHO) translate efi translate to/from of elements and systems 


26-40 days 8-21 days 16-26 days other cislunar orbits other cislunar orbits Gateway will translate 
07 a mites aO-A2 days uncrewed between 
e —; p J cislunar orbits 
° ; & * Ability to support science 
objectives in cislunar 
space 


Gateway (blue) Open Opportunities: 
Configuration eas ee ' : Order of logistics flights 
: and logistics providers 
(Orion in grey) Use of logistics modules 
one ee for available volume 
Support Flight Support Flight Ability to support lunar 
surface missions 10 
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Deep Space 
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PHASE 2 


(PLANNING REFERENCE) Phase 2 and Phase 3 


Looking ahead to the shakedown cruise and the first crewed missions to Mars 


2027 2028 / 2029 2030+ 


SLS Block 1B Cargo SLS Block 1B SLS Block 1B Cargo SLS Block 2 SLS Block 2 Cargo SLS Block 2 
P/L Capability: Crew: 4 P/L Capability: Crew: 4 P/L Capability: Crew: 4 


41t TLI CMP Capability: 10t 41t TLI CMP Capability: 13+t 45t TLI CMP Capability: 13+t 


Logistics 


Deep Space 
Transport 


DST checkout in NRHO 
191-221 days 
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Cislunar Cislunar 


Support Flight 


DST Logistics 


Logistics & 


Refueling 


DSG: continued 


cislunar space 


DST: shakedown in 
cislunar space with 


return to DSG in NRHO ieee 
el 


300-400 days 


Support Flight 


DST Logistics 
Logistics & 
Refueling 
Uwe 


DSG: continued operations in 


cislunar space 


DST: Mars transit 


and return to DSG 
in NRHO 


Cistunar & 
Support Flight 


Known Parameters: 

« DST launch on one SLS 
cargo flight 

* DST shakedown cruise 
by 2029 

« DST supported by a mix 
of logistics flights for both 
shakedown and transit 

« Ability to support science 
objectives in cislunar 
space 


Open Opportunities: 

* Order of logistics flights 
and logistics providers 

* Shakedown cruise 
vehicle configuration and 
destination/s 

* Ability to support lunar 42 
surface missions 


Human Mars 


“Short-Stay” (“Opposition-Class’”) 


Arrive Earth 
1H28/32 Depart Mars 
1/25/32 
Depart Earth 
2/6/31 


Arrive Mars 
12/16/31 


MISSION TIMES 
Outbound smm_ 313 days 
Stay eee 40 days 


Return 
Total Mission 661 days 


Mission Classes 


“Long-Stay” (“Conjunction-Class”) 


Arrive Earth 
12/11/20 


Arrive Mars 
LI/WAS8 


Depart Mars 
6/14/20 


MISSION TIMES 
Outbound mm 180 days 


Stay wee 545 days 
Return 
Total Mission 


180 days 
905 days 
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Space life sciences research and management 


